In the case of weak diatomic molecular predissociation by noninteracting, optically inactive continuum states, it is demonstrated that the predissociation line shape is more accurately represented by a Beutler-Fano profile than by a Lorentzian. The weak asymmetry that is found to occur is due principally to interactions with neighboring vibrational resonances. For this type of predissociation in the case of multiple continua, a sum rule for the corresponding line-shape asymmetry is derived. This sum rule is verified numerically using singlechannel and multichannel coupled Schrödinger-equation calculations for the Schumann-Runge band system of O 2 . Similar results are presented for the case of optically active continua.
I. INTRODUCTION
Diatomic molecular predissociation, a process in which interaction between a bound state and a continuum leads to spectral broadening and shifting, together with the consequent production of atomic fragments, is an important process in the photochemistry of the terrestrial atmosphere. Weak predissociation is commonly treated theoretically using the Fano configuration-interaction ͑CI͒ framework ͓1-3͔ in which the predissociating resonance is characterized by ͑energy-dependent͒ width, shift, and line-shape parameters. In the case of a single bound state embedded in the continuum, and where the energy dependences of the parameters may be neglected, the resonance has a ͑symmetric͒ Lorentzian line shape in the case of an optically inactive continuum, or an ͑asymmetric͒ Beutler-Fano ͓1,4͔ line shape in the case of an optically active continuum. If the energy dependences of the parameters over the resonance cannot be neglected, then these formal ͑constant-parameter͒ line shapes do not apply ͓5,6͔, the Lorentzian, in particular, becoming asymmetric ͓5͔. Furthermore, in cases where several bound states are embedded in the continuum, interactions between the resonances may provide an additional contribution to the line-shape asymmetry ͓1,3,7͔. Treatments of such interactions between close-lying resonances have been reported for transitions to the different fine-structure components of an electronic state ͓8͔ and to vibrational levels of different electronic states ͓9͔.
Here, however, we are concerned principally with the weak predissociation of well-separated vibrational levels of an electronic state, where it may be assumed that the resonance widths are much smaller than the separation between adjacent resonances. This condition is usually associated with the isolated-resonance approximation ͑IRA͒, which reduces to the single-resonance case. However, since here we wish to consider the small effects of interactions between resonances, we call this condition the nearly-isolatedresonance approximation ͑NIRA͒.
Many real examples of predissociated band systems, e.g., those where the predissociation is spin-orbit induced, are in the weak-interaction, NIRA regime and involve optically inactive continua. Therefore, most simulations of such systems, with applications, e.g., in atmospheric photochemical models ͓10͔, have been based on the Lorentzian profile ͓11͔. However, neglect of both the energy dependences of the lineshape parameters and the effects of interactions between resonances makes this line-shape assumption questionable away from the central part of the resonance. In fact, through the use of a coupled-channel Schrödinger equation ͑CSE͒ scattering-theory treatment, which is applicable for all energies in a vibrational sequence of predissociated levels, it has been suggested ͓12͔ that each resonance is described accurately to much greater distances from the resonance center by a Fano, rather than a Lorentzian, profile. This distinction is of particular importance, e.g., in the development of models of the absorption of solar vacuum-ultraviolet radiation in the terrestrial atmosphere, where it is the wings of the predissociated lines of the Schumann-Runge ͑SR͒ bands of O 2 that control the penetration of radiation to the lowest altitudes ͓12͔. Furthermore, many examples of predissociation involve interactions with multiple, mutually noninteracting continua. In the weak-interaction, IRA regime, CI ͓1,3͔ and analytic scattering-model ͓13͔ methods indicate that, when a bound state is coupled to a set of such continua, the width and shift contributions from each continuum are additive. These two ''sum rules'' for the width and shift have also been verified numerically by comparisons between the results of singlechannel and multichannel scattering-theory calculations for a number of real predissociation problems ͓14,15͔. The validity of the sum rules makes it unnecessary to perform multichannel calculations, allowing, e.g., each individual interaction to be treated using the perturbative CI theory.
In this work, using the Fano-Mies formalism ͓1,3͔ we confirm that the line shape for weak predissociation by noninteracting, optically inactive continua is more accurately represented by a Fano profile than by a Lorentzian. In addition, we suggest a sum rule for the line-shape asymmetry for this type of molecular predissociation in the case of multiple continua. This asymmetry sum rule is verified numerically using single-channel and multichannel CSE calculations for the SR band system of O 2 . Finally, similar results are presented for the case of optically active continua.
II. LINE-SHAPE THEORY

A. The isolated resonance
The Fano CI treatment ͓1,3͔ of an isolated diatomic predissociating resonance can be expressed in terms of the normalized discrete vibrational wave function in the bound diabatic potential-energy curve, the energy-normalized continuum radial wave functions R ␣ in the dissociative diabatic potentials (␣ϭ1,2,3, . . . ) that cross the bound potential, the electronic coupling functions h ␣ between the bound electronic state and the dissociative electronic states ␣, the normalized discrete vibrational wave function i of the initial state in the photoabsorption process, and the electronic transition amplitudes and ␣ from the initial to the bound and dissociative electronic states, respectively. In the Fano theory ͓1,3͔, the continuum states are chosen as noninteracting, i.e., ͗R ␣ (EЉ)͉h ␣␤ ͉R ␤ (EЈ)͘ϭ0, where h ␣␤ is the electronic coupling between continua ␣ and ␤.
In the general case, where there is nonzero photoabsorption to at least one of the dissociative continua, the photodissociation cross section has the form ͓1,3͔
where the symbols are defined below. The dimensionless energy parameter
where E is the energy of the upper state in the photabsorption process, E 0 is the ͑unperturbed͒ energy of the bound state, and the ''width function''
where V is the dissociation amplitude. In the case of noninteracting continua, V satisfies the relation
where V ␣ is the dissociation amplitude to continuum ␣:
The ''shift function''
where P indicates that the principal value should be taken. The profile function ͓1,3͔ q͑E ͒ϵ
c is the total cross section to all the continua; d is the cross section to that part of the energy-E continuum space into which the bound state decays ͓16͔:
If the resonance is so narrow that q, ⌫, ⌬, d , and c can be taken to be constant over its peak, then the energy dependence of the cross section defined by Eq. ͑1͒ is contained entirely in ⑀, a linear function of energy. In this case, the resonance peak is said to have the Fano profile form, with profile index q ͓1,3͔.
B. Energy dependence
If the continua are optically inactive ͑photoabsorption to each continuum is zero, i.e., ͗R ␣ ͉ ␣ ͉ i ͘ϭ0 for all ␣), then c ϭ0ϭ d and, if there is any absorption at all, ͉q͉→ϱ ͓see Eq. ͑7͔͒. Under these conditions, the CI procedure ͓1,3͔ which leads to Eq. ͑1͒ in the case of optically active continua yields the following result for the photodissociation cross section:
where the energy-independent factor b is the integrated photoabsorption cross section to the dissociating state in the bound diabatic potential. If ⌫ and ⌬ can be taken to be constant over the peak, then the peak has a Breit-Wigner or Lorentzian line shape, with a maximum at energy EϭE 0 ϩ⌬ and a full width at half maximum ͑FWHM͒ of ⌫. It has been demonstrated numerically by Bandrauk and Laplante ͓5͔ that the energy dependences of ⌫(E) ͕and, consequently, of ⌬(E) ͓see Eq. ͑6͔͖͒ over a peak introduce an asymmetry into the Lorentzian line shape. Here, we characterize the approximate shape of the asymmetric line. In the particular case of interest to this work, weak energy variations over a narrow peak result in a slightly asymmetric, near-Lorentzian line shape. The energy dependence of ⌫(E) is, to a good approximation, determined by the energy dependences of the Franck-Condon factors ͦ͗R ␣ (E)͉ͦ͘ 2 . Although these Franck-Condon factors may be oscillatory functions of energy ͓5͔, over a narrow peak it is reasonable to use a linear approximation for the small variations of ⌫(E) and ⌬(E):
and
where Ê is given by Ê ϭE 0 ϩ⌬(Ê ), ⌫ ϭ⌫(Ê ), ⌬ ϭ⌬(Ê ), and the slopes s and s are expected to be small. The resulting denominator in Eq. ͑9͒ is a quadratic in (EϪÊ ). Its form may be simplified by completing its square, i.e., by using the relation Ax 2 Ϫ2BxϩCϭA͓xϪ(B/A)͔ 2 ϩ͓CϪ(B 2 /A)͔. In terms of a dimensionless parameter e, linear in energy, and defined by
Eq. ͑9͒ may be rewritten, if ͉s͉Ӷ1, as
The profile defined by Eq. ͑13͒ is, for s 2 Ӷ1, a nearLorentzian, slightly asymmetric peak with an asymmetry ͑high-energy minus low-energy half widths at half maxima divided by the FWHM͒ very close to s/2.
Under similar conditions of approximation, it is also of interest to consider the effect of energy-dependent parameters on the Fano line shape for predissociation by optically active continua. In the case of weak coupling, where the principal-value terms in the numerator of Eq. ͑7͒ may be neglected in comparison with the discrete transition moment, it follows from Eqs. ͑3͒, ͑7͒, and ͑8͒ that
͑14͒
Substituting Eq. ͑14͒ into Eq. ͑1͒, if (⑀/q) 2 Ӷ1 we may write
Taking account of the definition of ⑀ in Eq. ͑2͒, Eq. ͑15͒ may be simplified in the manner described above for Eq. ͑9͒ in the case of optically inactive continua. In addition to the energy dependences described by Eqs. ͑10͒ and ͑11͒ for ⌫ and ⌬, respectively, 1/q, d , and c are assumed to have weak, linear dependences on energy. If ͉s͉Ӷ1 and ͉s/q͉Ӷ1, it follows that
where
, and the energy dependence of the ( c Ϫ d ) background term has been neglected ͓17͔. Thus, as in the case of Eq. ͑13͒ for optically inactive continua, it is the energy dependence of the width function that provides the major additional contribution to the line-shape asymmetry ͓18͔, which is very close to (s/2 ϩ1/q ) for Eq. ͑16͒.
To within a constant background cross-section term, the line shapes defined by Eqs. ͑13͒ and ͑16͒ have the same form, which we will call the pseudo-Fano profile, and may be compared with the near-Lorentzian Fano profile defined by the constant-parameter version of Eq. ͑15͒. Thus, narrow, isolated predissociation resonance peaks for both optically inactive and optically active continua have, to a very good approximation, the form of a constant-parameter Fano profile with a large effective profile index q eff given by
and s is half the slope of the width function at the absorption peak. In Eq. ͑17͒, 1/ (1) q eff represents the contribution to the inverse effective profile index caused specifically by energy dependences of the line-shape parameters, and is equal to its value in the case of predissociation by optically inactive continua (1/q ϭ0).
C. Interacting resonances
The effects on line-shape asymmetry of interactions between resonances are revealed most transparently by considering the case of decay to a single continuum. That case has been addressed specifically by Fano ͓1͔ and Mies ͓3͔. If the continuum is optically inactive, the photodissociation cross section may be written in the form ͓19͔
where the subscript v indicates the vibrational quantum number of the dissociating state, t v ϭ͗ v ͉͉ i ͘ is the real, energy-independent transition amplitude to that state, and the energy parameters
We emphasise here that, in the NIRA, where there are rather weak couplings between the bound vibrational states and the continuum, it is a justifiable approximation to use the diabatic, or unshifted wave functions ͓1,3͔ in evaluating the relevant matrix elements in Eq. ͑19͒. Equation ͑19͒ may be simplified further if the NIRA is applicable. In this case, the sums in its numerator and denominator may be split into two terms: an energy-dependent term associated with the main resonance v, and an energyindependent term associated with the sum over all other resonances vЈ, since, for energies in the region of the main resonance, 1/⑀ v ӷ1/⑀ v Ј Ϸ const. Using this approximation, and completing the square on the denominator, as in Sec. II B, we may write
where bv ϭt v 2 is the integrated photoabsorption cross section to the dissociating state with vibrational quantum number v, the shifted energy parameter
and all bound-continuum matrix elements are to be evaluated at EϭE v . Thus, in the NIRA, the line shape for predissociation by a single, optically inactive continuum, which includes the effects of indirect interactions with other resonances via the continuum, has the form of a Fano profile with an inverse effective profile index given by the sum in square brackets in the numerator of Eq. ͑20͒. This result may be generalized to the case of weak predissociation by several continua, some of which may be optically active. Starting with the matrix equation for the partial photodissociation amplitudes †Eq. ͑35͒ of Ref. ͓3͔ ‡, and using similar approximations to those above, we find
͑24͒
In Eqs. ͑22͒ and ͑24͒, the O vv Ј (E v ) are elements of the overlap matrix introduced by Mies ͓3͔. The nearly constant final term on the right-hand side ͑RHS͒ of Eq. ͑21͒, by comparison with the first, can be seen to represent the sum of the wings of the other resonances. Thus, neglecting constant background terms, the NIRA line shape for predissociation by multiple optically active continua has the form of a pseudo-Fano profile. The effect of interactions between the resonances via the continua, as in the case of predissociation by a single, optically inactive continuum, is to modify the effective line-shape asymmetry, this contribution to the inverse effective profile index being given by Eq. ͑24͒. If the effects of energy-dependent parameters, as described in Sec. II B, are included for the main resonance, then the total inverse effective profile index is given by
͑25͒
D. Sum rules
A number of sum rules follow from Eq. ͑4͒ for noninteracting continua in the IRA. The width-function sum rule
is the width function for dissociation into continuum ␣ only, follows from Eqs. ͑3͒ and ͑4͒. If the resonance is so narrow that ⌫ can be taken to be constant over its peak, then the well-known width sum rule ͓1,3,15͔ follows. Similarly, from Eq. ͑6͒ for the shift function, the sum rule for ⌫(E) implies the following sum rule for the shift function:
is the shift function for dissociation into continuum ␣ only. Again, if the resonance is narrow enough that ⌬ may be taken constant, the energy-shift sum rule ͓15͔ follows.
In the case of a Fano predissociation profile, where, by definition, the energy dependences of parameters over the peak may be neglected, the principal-value integrals in Eq. ͑7͒ are negligible, so that
where 
is the profile index for dissociation to continuum ␣ only. Thus, a Fano profile for an isolated state dissociating to several continua satisfies an inverse profile index sum rule.
We consider now the total inverse effective profile index defined by Eq. ͑25͒, which contains the effects of energydependent parameters and interacting resonances discussed in Secs. II B and II C, respectively, and introduce an effective index q v␣ eff for the corresponding profile for dissociation into continuum ␣ only:
͑32͒
From Eq. ͑30͒, it follows that the first term on the RHS of Eq. ͑32͒ obeys a sum rule on ␣. From Eqs. ͑10͒ and ͑26͒, it follows that
where s v␣ is the slope of 1 2 ⌫ v␣ . Equations ͑18͒ and ͑33͒ imply that the second term on the RHS of Eq. ͑32͒ obeys a similar sum rule. Finally, the form of Eq. ͑24͒ indicates that the third term on the RHS of Eq. ͑32͒ also obeys a sum rule. Therefore, we may write similar to the result Eq. ͑30͒ for the Fano profile. As the asymmetry of a profile is very close to the inverse of its effective profile index, the sum rule Eq. ͑34͒ can be regarded as an ''asymmetry sum rule.'' Such sum rules do not appear to have been reported previously. Since the spin-orbit couplings are all less than 100 cm Ϫ1 ͓24͔, and the corresponding SR predissociation line widths are less than 4 cm Ϫ1 ͓27͔, small compared with the vibrational spacing, the NIRA is satisfied for this system. Since the crossing points of the various repulsive curves with the B-state potential are well separated ͑see Fig. 1͒ , and since they have only weak mutual electronic interactions, the condition of noninteracting continua is satisfied. Finally, transitions from the X 3 ⌺ g Ϫ state to the continua are electric-dipole forbidden, except for that to the 1 3 ⌸ u state. The electronic transition moment for the 1 3 ⌸ u ←X 3 ⌺ g Ϫ transition is known to be very small ͓28,29͔ and there is very poor FranckCondon overlap with the ground state in the region of the SR bands. Therefore, the condition of optically inactive continua is effectively satisfied. Thus, the SR sytem of O 2 , of such importance to the photochemistry of the terrestrial atmosphere, provides a convenient test bed for numerical investigation of the validity of the main findings of Sec. II.
III. COMPUTATION A. Predissociation model
Our description of predissociation in the SR
The results to be discussed in Sec. III B were obtained from various perturbative and CSE calculations. Uncoupled radial wave functions for the diabatic potentials employed in the perturbative CI calculations were obtained using the renormalized Numerov method of Johnson ͓30͔. Multichannel SR photodissociation cross sections, calculated using the diabatic CSE formalism described in Ref. ͓31͔, with the predissociation model outlined above, were used to obtain numerical resonance line shapes for the rotationless B←X ͑0,0͒ to ͑21,0͒ transitions for comparison with the theory of Sec. 
B. Results and discussion
Line shapes
In the case of optically inactive continua, each SR resonance cross section computed using the CSE method and the full ͑four dissociative channels͒ predissociation model described in Sec. III A was least-squares fitted ͓32͔ both to a zero-background Fano profile ͓33͔ and to a Lorentzian profile. Where possible, the range of energies for the fit was chosen so that the cross section at the left and right end points was down by a factor of 100 compared with the peak cross section. This corresponds to a range of energies of about 10 FWHM, with the peak approximately centered. Within this range, the fit parameters were quite insensitive to the exact width of the energy interval. Table I shows a comparison of the resulting best Lorentzian and Fano-profile fits to the ͑0,0͒ through ͑21,0͒ rotationless SR absorption peaks. These results confirm that the Fano profile provides a much better description of the real predissociation line shape than does the Lorentzian. The largest discrepancy in the Fano-profile fits of Table I occurs for v ϭ4, the broadest resonance in the SR system. A detuning of Ϯ30 FWHM from this resonance corresponds to Ϯ105 cm Ϫ1 , or 17% of the mean vibrational spacing of 605 cm Ϫ1 ͓23͔. Thus, the 10% difference between the calculated ͑4,0͒ profile and the Fano fit for this detuning is likely to be related to the the beginnings of breakdown of the NIRA.
Comparable indicative calculations have also been performed for the case of optically active continua. Multichannel CSE cross sections for an active 3 ⌸ u continuum were fitted to a constant-background Fano profile. The results, given in Table II for two values of the 3 ⌸ u ←X 3 ⌺ g Ϫ electronic transition moment, show, as in the inactive-continuum case, that the predissociation line shape is well represented by a Fano profile. In order to retain this degree of agreement for values of the electronic transition moment significantly larger than 1 a.u., however, it is necessary to take into account the explicit energy dependence of the background continuum component. 
Asymmetry
It is of interest to assess the relative importances of the two factors suggested in Sec. II to contribute to the effective asymmetry of the predissociation line shape (Ϸ1/q eff ). Therefore, a comprehensive study was performed for the case of SR predissociation by each single, inactive continuum.
First, the role of the width-parameter energy dependence discussed in Sec. II B was investigated by evaluating the energy-dependent matrix elements V v␣ and estimating the corresponding contribution 1/
(1) q v␣ eff using Eqs. ͑5͒ and ͑18͒, respectively. Second, in order to assess the role of the interactions between resonances described in Sec. II C, the perturbation sum in Eq. ͑24͒ was evaluated to give 1/ (2) q v␣ eff using the same couplings and transition moments employed in the CSE calculations, together with bound and energynormalized continuum wave functions appropriate to the relevant diabatic potential-energy curves. In order to evaluate 1/ (2) q v␣ eff correctly, it was necessary not only to perform the sum over all discrete levels of the B state, but also to integrate over the B-state continuum. Finally, both of these contributions to 1/q v␣ eff were compared with values resulting from zero-background Fano-profile fits to the corresponding exact single-channel CSE calculations.
These results are shown in Figs. 2, 3 , 4, and 5, for predissociation by the 3 ⌺ u ϩ , 5 ⌸ u , 1 ⌸ u , and 3 ⌸ u states, respectively. Inspection of these figures shows clearly that the lineshape asymmetry is dominated by the contribution arising from interactions between the resonance of interest and other resonances, with a smaller contribution arising from the energy dependence of the width parameter for the dominant resonance. The sums of these two contributions provide excellent descriptions of the exact CSE asymmetries for each curve crossing. Thus, perturbative CI calculations have provided significant insight into the causes of line-shape asymmetry that is not attainable from the CSE calculations directly. It might be thought that the small degree of asymmetry involved in systems that are weakly coupled to optically inactive continua would be insufficient to be observable experimentally. This is not the case. The most asymmetric SR resonance occurs for vЈϭ12, with qϭϩ412.5 ͑multi-channel CSE calculation, see Sec. III B 3͒, implying a stronger blue wing. An asymmetry of this sense has been shown to occur in the experimental 79 K ͑12,0͒ SR-band cross section of Yoshino et al. ͓34͔ by Lewis et al. ͓12͔ , the effect being clearly observable within 100 FWHM of the bandhead. Of course, at greater detunings, where the IRA and NIRA break down, the Fano profile becomes inapplicable. In the case of the ͑12,0͒ resonance, CSE calculations ͓12͔ show that additional interference effects cause the blue wing to become significantly weaker than a Lorent- zian wing in this region, opposite in sense to the near-wing asymmetry.
Sum rules
In order to verify numerically the sum rules given in Sec. II D, the multichannel CSE calculations used in Sec. III B 1 were compared with appropriate single-channel calculations. Line-center energies ͓35͔, FWHM line widths, and q eff values were then determined from the calculated single-channel and multichannel SR-resonance cross sections by leastsquares fitting constant-parameter Fano profiles.
Single-channel and multichannel predissociation line widths and energy shifts, resulting from zero-background Fano-profile fits for the case of optically inactive continua, are summarized in Tables III and IV , respectively. The energy shifts were determined by comparison with unshifted resonance energies obtained by solving a single-channel CSE for a variety of couplings, and then extrapolating to zero coupling. The width and shift sum rules, ⌫ v ϭ ͚ ␣ ⌫ v␣ and ⌬ v ϭ ͚ ␣ ⌬ v␣ , are validated numerically in columns 6-8 of Tables III and IV, within typical relative and absolute accuracies of 0.1% and 0.0005 cm Ϫ1 , respectively. These findings agree with those of Sink and Bandrauk ͓13͔ who found, at a somewhat lower level of precision, that the SR predissociation could be treated as the sum of four isolated curve crossings, thus belonging to the weak-coupling limit. Corresponding fitted single-channel and multichannel effective Fano profile indices are summarized in Table V , demonstrating several examples of predissociation ''q reversal'' ͓36͔ arising ultimately from the rapidly oscillating ''width matrix elements'' in Eq. ͑24͒ which describes the effects of interactions with other resonances. In the case of the ͑0,0͒ and ͑1,0͒ resonances for the single 3 ⌺ u ϩ dissociative channel, the calculated lines were so narrow that the Fanoprofile fit failed to give an accurate q v␣ eff . These resonances may be taken to be effectively Lorentzian and not to contribute to the asymmetry sum. The asymmetry sum rule 1/q v eff Ϸ ͚ ␣ (1/q v␣ eff ) is validated numerically in columns 6-8 of so that the contribution of the active continuum to the lineshape asymmetry is comparable with the effective contribution due to interactions with other resonances, and dominant, respectively, while still ensuring that the overall asymmetry is small. The single 3 ⌸ u -channel and multichannel q eff values in Table VI were determined by fitting constantbackground Fano profiles to the corresponding CSE line shapes. Two interesting observations follow from the results in Table VI . First, the single-3 ⌸ u -channel and multichannel q reversals present in the case of optically inactive continua ͑Table V͒ disappear rapidly as the optical activity is increased. Thus, the characters of the asymmetry variations with v due to the inherent q value, arising from the active continuum, and due to the effective contribution, arising principally from interactions with other resonances, are qualitatively different. Second, the asymmetry sum rule is also verified in this case of an optically active continuum, within accuracies comparable with the optically inactive case in Table V .
Hence, while it is impracticable to attempt a comprehensive numerical verification, it appears that a third sum rule, relating to the asymmetry, or inverse effective Fano-profile index, must be added to the well-known width and shift sum rules in cases of weak predissociation by either optically inactive or optically active continua.
IV. SUMMARY AND CONCLUSIONS
In the case of weak diatomic molecular predissociation by noninteracting, optically inactive continuum states, it has been confirmed that the predissociation line shape is better represented by an asymmetric Beutler-Fano profile than by the usual Breit-Wigner or Lorentzian profile. The principal cause of the line-shape asymmetry is quantum interference between the vibrational resonance of interest and other resonances, with energy dependence of the width parameter for the dominant resonance providing a secondary contribution. In addition, a sum rule for the corresponding line-shape asymmetry (Ϸ1/q eff , where q eff is the effective Fano-profile index͒ has been derived for this type of predissociation in the case of multiple continua. Using single-channel and multichannel coupled Schrödinger-equation calculations for the Schumann-Runge band system of O 2 , these findings have been verified numerically. Finally, similar line shapes and sum rules have been found to apply in the case of weak predissociation by optically active continua.
The results suggest that modeling of the cross sections of band systems predissociated by optically inactive continua may benefit from the use of the Fano rather than the Lorentzian line shape, especially in cases where the experimental data to be fitted are of high precision and cover a wide dynamic range, i.e., the application is sensitive to the more distant line wings. Of course, if it is necessary to consider the full range of energy between vibrational resonances, then there is no substitute for full CSE modeling of the cross section ͓12͔.
